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1 Introduction

RAN3 has discussed the topic of Vehicle-to-Vehicle/Pedestrian/Infrastructure/Network (V2x) over the last two meetings. The role of the RSU was discussed at the last meeting [5]; a few initial considerations were made on UE-type vs. eNB-type RSU, and on which LTE functionality might be beneficial for such node. RAN3 further agreed to start a working document capturing possible issues, useful definitions, relevant functions and comparisons [1].
In this contribution we present some further considerations on the RSU and highlight what has been presented so far [3]
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2 Discussion
2.1 Defining the RSU
According to [2], the RSU “is a transportation infrastructure entity (e.g. an entity transmitting speed notifications)”, involved in Vehicle-to-Infrastructure/Network (V2I/N), which may be implemented in an eNB (eNB-type RSU) or in a stationary UE (UE-type RSU).
2.2 Function of the RSU
The RSU delivers V2x messages between vehicles or between a vehicle and the network. The messages to be delivered (e.g. collision warnings, accident warnings, pedestrians detected, etc. for the V2I case) may be terminated in one or more traffic safety servers toward which the RSU has packet data connectivity. This is shown in Figure 1 below [3], where a traffic safety server receives data from a number of roadside sensors and/or cameras and exchanges messages with a number of vehicles through 3 RSUs with which it has packet connectivity.

V2x message delivery shall follow strict delay and latency requirements, as previously mentioned [2].
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Figure 1 V2x road safety service via infrastructure – an example of V2I/N service [3].

Notice that according to the above, it seems that an RSU could be conceived as a logical function (UP-only) deployed in a RAN logical node (eNB-type or UE-type).
Observation 1: An RSU could be conceived as a logical function to be deployed on top of a RAN logical node (eNB-type or UE-type).

Notice that this has no implications on the possible physical layer for V2x services. V2x physical layer could either be based on enhancements of current LTE D2D physical layer (RAN1 is currently discussing this issue) or use a different standard altogether (out of 3GPP scope).

2.3 Operating Scenarios

Operating scenarios for V2x have been submitted in a recent RAN2 contribution [6], and are summarized below and in Figure 2.
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Figure 2 V2x operating scenarios [6].

· Scenario 1 – Out-of-coverage: there is no network coverage for vehicles to rely on, either on the spectrum dedicated to V2x communication, or any other spectrum licensed to operator(s).

· Scenario 2 – Single-operator: V2x spectrum is licensed to a single operator and vehicles are within the coverage of this operator for V2x communication.

· Scenario 3 – Multi-operator on shared spectrum: V2x spectrum is provided by several operators and vehicles are within the coverage of the operators for V2x communication.

· Scenario 4 – Multi-operator on independent spectrum: V2x message transmission happens on dedicated spectrum resources licensed and managed by each operator, and reception happens on all (intra- and inter-) resources.
Detailed discussion of the above scenarios could be out of RAN3 scope; however it is beneficial to at least mention some of their implications:
1. PC5-based transmission is feasible for all scenarios;

2. Uu-based transmission can take place in all cases where there is LTE coverage (i.e. excluding Scenario 1);

3. Scenario 3 seems to require some level of inter-operator coordination, at least for the case where coverage is only available using a different spectrum licensed and managed by each operator;

4. Also Scenario 4 could imply some coordination, because the UE should be at least capable of listening to the other carrier(s). This could be achieved e.g. by the UE reading the other SIB or the eNBs having a coordinated RX pool configuration, etc..

Observation 2: For V2x, Uu-based message delivery is always feasible for all in-coverage scenarios; PC5-based message delivery is always feasible; whenever V2x coverage is provided by different operators on shared or independent spectrum, some level of coordination seems to be involved.
2.4 eNB-Type RSU
An eNB-type RSU would terminate the Uu radio interface toward V2x UEs (mounted on vehicles) and S1/X2 interfaces toward the rest of the network. All eNB functionality as currently defined by 3GPP (e.g. UE-mobility-related functionality, SIPTO@LN, MBMS) could be used by the RSU function in order to optimize message delivery.
2.5 UE-Type RSU

A UE-type RSU would terminate the Uu radio interface toward an eNB and several “sidelinks” (PC5 interfaces) toward V2x UEs. It would act similarly to a ProSe UE-to-network relay, according to the architecture defined in [4].
Notice that, according to the observation above, the RSU function would correspond to a special type of ProSe app.

Observation 3: For the UE-type RSU, the RSU function corresponds to a special type of ProSe app.

2.6  Comparison
Further observations discussed in [5] are briefly summarized below and in Table 1 for convenience.
Observation 4: MBMS seem like essential functionality for the RSU.

Observation 5: The traffic safety server is typically not managed by the cellular operator, but by a third party (e.g. the national road authority).
Observation 6: Any latency requirements on road safety service messages translate to requirements on the operator’s transport network.
Observation 7: A local breakout function in the RSU seems desirable in case a more local termination of road safety messages is desired.

Observation 8: A UE-type RSU would need to relay appropriate MBMS data toward vehicles.

Observation 9: It seems possible to forward multicast data toward PC5-connected vehicles using the application layer; this might have a lower specification impact.
Observation 10: Local breakout would most likely be implemented over the application layer in a UE-type RSU.

Observation 11: In principle, it seems that an eNB-type RSU might scale better than a UE-type RSU for a given latency requirement; however, a comparison of the Uu vs. PC5 interface might be needed to confirm the above. Such work is out of RAN3 scope.

Observation 12: Road safety services should be available regardless of whether the vehicle UEs belong to the same operator as the RSU; for UE-type RSU, it should be possible to set up PC5 to any D2D UE regardless of roaming agreement and/or D2D authorization; for eNB-type RSU, it should be possible for any UE to connect to it.

Observation 13: The definition of V2x service levels with respect to inter-PLMN and MVNO scenarios seems more in the scope of SA1 (and possibly SA2) than RAN3.
Observation 14: UE mobility would be handled according using current LTE functionality in case of eNB-type RSU; for a UE-type RSU, on the other hand, it might be necessary to implement additional functionality for PC5 mobility.
	
	UE-type RSU
	eNB-type RSU

	Interface to E-UTRAN
	Uu
	S1, X2

	Interface to vehicles
	PC5

RSU ( D2D UE-to-Network relay

Vehicles = D2D UEs
	Uu

RSU = eNB

Vehicles = UEs

	MBMS support
	Described in [4]; needs to be fully specified
	Available

	Local breakout
	Over the application layer; specification possibly challenging
	Available (SIPTO@LN)

	Scalability for high numbers of vehicles
	To be evaluated but seems more challenging
	Possibly better (eNB architecture)

	Inter-PLMN scenarios
	Setting up PC5 to any D2D UE needs to be allowed regardless of PLMN ID and/or D2D authorization
	Any UE needs to be able to connect to the RSU; inter-PLMN mobility would be performed when handing over vehicles of different PLMNs between RSUs

	Mobility of vehicle UEs
	Additional functionality for PC5 mobility might be needed; no service continuity currently specified
	Current LTE functionality


Table 1 Comparison summary between UE-type and eNB-type RSU.
3 Proposal
Proposal: Capture Sec. 2 in a separate RAN3 document.
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� Within this scenario, there could be the case where the coverage is provided using dedicated V2x spectrum and a shared network, and the case where coverage is only available using a different spectrum licensed and managed by each operator.






